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Abstract: The values for the serum protein profiles of horses are available in many studies. However, only one study has
characterized the electrophoretic migration profile of plasma protein in donkeys. The present study aimed to determine
by agarose gel electrophoresis the normal values for serum protein fractions in erratic Brazilian-breed donkeys and to
compare these values with those of the serum proteins of horses. Serum samples were collected from 26 donkeys of
the Brazilian-breed and from 10 healthy horses. The serum levels of the total proteins were determined by the biuret
method. The separation and determination of the values of serum protein fractions were performed by means of agarose
gel electrophoresis and the analysis of the data was done using specific software. The results were compared using an
unpaired t-test, with the level of statistical significance set at P < 0.05. A total of 7 protein fractions were found: albumin
and α1-, α2-, β1-, β2-, γ1-, and γ2-globulins. The results showed that in the evaluated donkeys the levels of α2-globulins
were higher than those of α1-globulins and that the levels of γ1-globulins were higher than those of γ2-globulins.
Furthermore, the sexual interference in the concentrations of proteins and their fractions revealed that no sex-related
difference was present. The serum concentrations of protein fractions from the donkeys were similar to those of horses.
Sex did not affect the serum protein levels.
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Introduction
The determination of plasma protein profiles is a
technique of laboratory diagnosis that is helpful in
differentiating the cause of dysproteinemia. The
technique is used in the differentiation of acute
from chronic disease states and in the diagnosis of
inflammation. Electrophoresis is the technique that
is used as a reference method for the fractionation
and quantification of serum proteins in clinical
biochemistry. The principles of electrophoresis are
based on the knowledge of the chemical composition
of proteins and factors (charge and molecular weight)
that determine their electrophoretic migration (1,2).

The values for the serum protein profiles of horses
are available in many studies (3-5); however, only one
study has characterized the electrophoretic migration
profile of plasma protein in donkeys (6). Knowledge
of the values of the serum protein electrophoresis
profile in donkeys will certainly contribute to a
better interpretation of the results with regard to the
species. This study aimed to determine, by agarose
gel electrophoresis, the reference values for the
serum protein fractions of free-living Brazilian-breed
donkeys and to compare these values with those of
the serum proteins of horses.
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Materials and methods
We used 26 donkeys (14 males and 12 females) from
the Brazilian-breed that were erratic (freely living) in
the western region of Rio Grande do Norte state, Brazil.
We also used 10 horses (4 males and 6 females) from
properties in the city of Mossoró, RN, Brazil. Blood
samples were collected by jugular venipuncture, into
plain tubes. Sera were used for the determination
of total protein by colorimetric assay, and protein
fractions were separated by electrophoresis. Protein
analysis was performed by the biuret method in an
automated biochemistry analyzer (SBA 200, CELM,
Barueri, SP, Brazil) using a commercially available
test (KATAL, Belo Horizonte, MG, Brazil).
Agarose gel electrophoresis was performed with
agarose kits (CELM, Barueri, SP, Brazil) and with
the SE-250 electrophoresis system (CELM). After
protein separation at pH 8.5, the gels were stained
with Amido Black solution and then scanned and
analyzed with a densitometer (DensitScan version 2.2,
CELM). The points of separation between fractions
on the resultant serum protein electrophoresis (SPE)
profiles were marked manually, using the midpoint
between peaks on the electrophoretogram. The
protein concentrations (g/dL) were determined by
multiplying the percentage of each fraction by the
total protein concentration. Total globulins were
calculated as the sum of the non-albumin protein
concentrations. The protein fractions that were
determined included albumin and α1-, α2-, β1-, β2-,
γ1-, and γ2-globulins. The albumin/globulin (A/G)
ratio was calculated manually.
The data are presented as averages followed
by their respective standard deviations. Statistical
analysis was performed using the Graph Pad InStat
version 3.01 statistical software package. The results
were compared using an unpaired t-test or analysis of
variance (ANOVA) plus a post hoc Bonferroni test.
The level of statistical significance was set at P < 0.05.
Results
The donkey and horse serum total proteins and their
fractions, separated by electrophoresis, are presented
in Table 1. A total of 7 protein fractions were obtained
in both the donkeys and horses: albumin and α1-,
α2-, β1-, β2-, γ1-, and γ2-globulins. Statistical
10

Table 1. Serum proteins from Brazilian-breed donkeys and
from horses. Data are presented as mean followed by
standard deviation.

Total Proteins (g/dL)

Donkeys
(n = 26)

Horses
(n = 10)

7.44 ± 0.68

7.37 ± 0.56

Albumin

%
g/dL

37.7 ± 5.79
2.93 ± 0.47

39.2 ± 6.61
2.76 ± 0.51

Globulins

%
g/dL

62.3 ± 5.79
4.46 ± 0.70

60.8 ± 6.61
4.65 ± 0.58

α1-globulins

%
g/dL

6.53 ± 1.73
0.48 ± 0.19

6.26 ± 2.17
0.48 ± 0.16

α2-globulins

%
g/dL

9.26 ± 2.48
0.75 ± 0.23

10.1 ± 2.61
0.64 ± 0.16

β1-globulins

%
g/dL

10.7 ± 3.09
0.79 ± 0.54

11.0 ± 6.56
0.77 ± 0.24

β2-globulins

%
g/dL

10.0 ± 4.58
0.76 ± 0.23

10.2 ± 2.82
0.76 ± 0.35

γ1-globulins

%
g/dL

19.3 ± 4.64
1.25 ± 0.31

17.2 ± 4.31
1.50 ± 0.35

γ2-globulins

%
g/dL

6.70 ± 1.67
0.44 ± 0.09

6.06 ± 1.40
0.52 ± 0.13

0.62 ± 0.15

0.66 ± 0.19

A/G ratio
P > 0.05, unpaired t-test

comparison of the values of both species showed no
significant difference (P < 0.05).
The percentages of the fractions of serum
proteins, separated by electrophoresis, on male and
female donkeys are presented in Table 2. There were
no significant differences (P < 0.05) between males
and females.
Discussion
The values for the serum protein profiles of horses
are widely available in the experimental literature
(3-5), but there is just one study of donkeys (6). The
levels found in the horses in our study were close
to the values presented by other authors (3-5). The
minor variations in the values found here, compared
with those from the literature, are probably due to
differences in technique and to genetic, geographical,
and nutritional differences.

P. H. CAVALCANTE, A. C. C. SILVA, S. M. SAKAMOTO, B. SOTO BLANCO

Table 2. Serum proteins fractions (in %) from male and female Brazilian-breed donkeys and horses.
Data are presented as mean followed by standard deviation.
Male donkeys
(n = 14)

Female donkeys
(n = 12)

Male horses
(n = 4)

Female horses
(n = 6)

Albumin

38.6 ± 6.73

36.6 ± 4.34

40.6 ± 9.16

38.2 ± 4.60

α1-globulins

6.45 ± 1.93

6.64 ± 1.53

4.78 ± 0.81

7.44 ± 2.24

α2-globulins

9.28 ± 2.22

9.23 ± 2.90

9.70 ± 3.40

10.4 ± 2.16

β1-globulins

11.1 ± 3.06

10.2 ± 3.20

11.6 ± 7.94

10.5 ± 6.19

β2-globulins

9.32 ± 4.51

11.2 ± 4.56

11.7 ± 3.41

9.02 ± 1.79

γ1-globulins

18.7 ± 4.81

20.2 ± 4.52

16.1 ± 3.45

18.1 ± 5.10

γ2-globulins

6.98 ± 1.79

6.32 ± 1.52

5.60 ± 1.93

6.42 ± 0.88

P > 0.05, analysis of variance (ANOVA) plus a post hoc Bonferroni test

The values of the total serum proteins found for
donkeys in the present study were slightly higher
than those found in donkeys of the Brazilian-breed
(7) and in donkeys of the Basse-Normandie breed
(8), but were similar to those of UK donkeys (9).
Albumin serum levels in our study were within the
ranges presented for USA donkeys (10), UK donkeys
(9), Brazilian donkeys (7), and Basse-Normandie
donkeys (8), but were lower than those of Poitou and
Indian donkeys (11).
We found 7 protein fractions in the donkeys:
albumin and α1-, α2-, β1-, β2-, γ1-, and γ2-globulins.
The same fractions were found in the horses. In
Ragusana donkeys, 5 protein fractions were identified:
albumin and α1-, α2-, β-, and γ-globulins (6). The
probable reason for the variation is a difference in
technique; agarose gel electrophoresis was used in
the present study, and capillary electrophoresis was
used in the study of Ragusana donkeys (6).
The Brazilian donkeys from our study presented
lower percentages of α2- and γ-globulins and higher
percentages of β-globulins than Ragusana donkeys
(6). The divergences in these values are likely to be
due to differences between techniques and to genetic
and geographical nutritional differences.
We found the levels of α2-globulins to be higher
than that of α1-globulins in both horses and donkeys,
data similar to those observed in Ragusana donkeys
(6). There are no known functional differences

between the 2 fractions (3). The fractions of
α-globulins are associated with acute phase proteins,
and increased levels of these fractions are associated
with acute inflammatory processes (3).
In our study, the concentration of γ1-globulins
was higher than that of γ2-globulins in both
donkeys and horses. In pathological conditions,
there is some increase in serum globulin as a result
of increased production, especially in inflammatory
processes. An increased concentration of γ-globulins
is usually associated with the improved production
of antibodies, and chronic inflammatory processes
are usually responsible for increases in the fractions
of β- and γ-globulins (1,2). The reduction in the
concentration of serum globulins (especially that of
γ-globulins) is related mainly to the non-transfer
of passive immunity in young animals (12-14),
but other acquired causes and primary genetic
immunodeficiencies may occur (15,16).
Sex is considered to be an important factor that
can change the parameters of hematological and
serum biochemistry in animals, including donkeys
(8,17). In this study, the sexual interference in the
concentrations of proteins and their fractions was
not verified. In fact, both testosterone and estrogen
present an anabolic effect (2), which is the reason
for the absence of sex interference on serum protein
levels.
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In conclusion, this study provides values for serum
protein fractions in erratic Brazilian-breed donkeys,
through the use of agarose gel electrophoresis. The
serum protein profile of Brazilian-breed donkeys is
similar to that of horses. The separation of serum
protein fractions by agarose gel electrophoresis

revealed 7 protein fractions. The levels of α-2
globulins were higher than those of α-1 globulins,
and the concentration of γ1-globulins was higher
than that of γ2-globulins. Sex did not affect the serum
protein levels.
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